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SPECIFICATION 

1. Title of the Invention 
SEMICONDUCTOR MEMORY DEVICE 

2. What is Claimed is: 

A semiconductor memory device comprising: 

an output circuit (1) that responds to at least an external clock (CLK) 
and a write enable signal (WE), defines a cycle to execute predetermined 
functions for each cycle of this clock, and outputs a write control signal 
(WS) when the write enable signal has the predetermined logic level at the 
point when the defined cycle begins; 

means (2) for reversing the external clock to an inverted clock (CLK) ; 

a circuit (3) that responds to the inverted clock (CLK) when a write con- 
trol signal is outputted and generates a write pulse (WP) / 

memory cell arrays (4) configured to perform data write access when the 
write signal is outputted; 

an input terminal (5) to write data between these memory cell arrays; and 

means (6) for responding to and latching the write data (D IN ) from the in- 
put terminal to either the external clock or the inverted clock, responding 



1 



SS0022003062 



to the write signal, and supplying this latched data to the memory cell ar- 
ray; 

wherein a plurality of data (A, B) is input in time-division format from 
the input terminal as write data, and simultaneously this plurality of input 
data is written. 

3. Detailed Description of the Invention 
(Summary) 

This [invention] relates to semiconductor memory devices, and in par- 
ticular to STRAM devices configured to respond to external clocks and Write 
enable signals, generating write signals (pulses) in the chip, 

and it is an object [of this invention] to divide in half the number of 
data input terminals, enabling a reduction in the circuit scale of devices, 

and comprises an output circuit that responds to at least an external 
clock and a write enable signal, defines a cycle to execute predetermined 
functions for each cycle of this clock, and outputs a write control when the 
write enable signal has the predetermined logic level at the point when the 
defined cycle begins; a means for reversing the external clock to an inverted 
clock; a circuit that responds to the inverted clock when a write control 
signal is outputted and generates a write signal; memory cell arrays config- 
ured to perform data write access when the write signal is outputted; an in- 
put terminal to write data between these memory cell arrays; and a means for 
responding to and latching the write data from the input terminal to either 
the external clock or the inverted clock, responding to the write signal, and 
supplying this latched data to the memory cell array; wherein a plurality of 
data is input in time-division format from the input terminal as write data, 
and simultaneously this plurality of input data is written. 

Industrial Field of Use 

This invention relates to semiconductor memory devices, and more par- 
ticularly to self-timed random access memory (hereinafter "STRAM") devices 
configured to respond to external clocks and Write enable signals, generating 
write signals (pulses) in the chip. 

Typical static RAM (SRAM) is memory configured to respond to external 
write signals (pulses) with respect to memory cells selected similarly by ex- 
ternal address data, and to perform data writing. Thus, since the test data 
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and the right pulses are respectively applied asynchronously, the timing of 
the application of write pulses when data is written must be regulated exter- 
nally from the chip. In actual practice, however, it is relatively difficult 
to regulate this sort of timing application externally, and as a consequence, 
a certain amount of leeway is typically built into the timing. Therefore, 
this kind of SRAM is disadvantageous terms of dealing the need to respond 
with still higher speeds. Thus, STRAM has recently been developed in light of 
this disadvantage. 

Prior Art 

Fig. 5 shows a constitution of a prior art STRAM device mentioned above. 

In Fig. 5, 50 is a conventional static memory array; 51, 52, 53, 54a 
and 54b are registers responding to the external clock CLK that latch, re- 
spectively, addresses data ADO, low active chip select signal CS, low row ac- 
tive write enable signal WE, write data D IN (a), and write data D IN (b); 55 is an 
AND gate responding to the reversing signal output by the register 52 and the 
output signal from register 53/ 56 is an AND gate that responds to the re- 
versing signal output of registers 52 and the reversing signal output of reg- 
ister 53; 57 is a circuit that responds to the clock CLK when the output sig- 
nal WS of the AND gate 56 is at "B" level and generates write pulses WP; 58a 
and 58b are tristate buffers that have the feature of responding respectively 
to write pulses WP and passing through write data Di N (a) and Di N (b) . Moreover, 
59a and 59b are tristate buffers having the function of responding to reading 
control signals OD from the AND gate 55 and passing these through data DoutU) 
and DouT(b), respectively. 

In the constitution shown in Fig. 5, when the chip select signal CS 
changes to the "L" level and is latched to the register 52 by the change in 
the external clock CLK level (for example, the edge of the rise), the STRAM 
device goes into active status. When a write enable signal WE is input at the 
same time as the chip select signal CS, is synchronized with the level change 
of the external clock CLK (the edge of the rise) , and the level is latched to 
"H" level or the "L" level in the register 53 corresponding to the write en- 
able signal WE. Specifically, when the write enable signal WE is at "H" level, 
the output signal OE of the AND gate 55 goes to "H" level, the buffers 59a 
and 59b function, and a reading operation is performed. Conversely, when the 
write enable signal WE is at "L" level, the AND gate 56 output signal WS goes 
to "H" level, a write pulse WP from the write pulse generating circuit 57 is 
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generated, the buffers and 58a and 58b function, and a write operation is 
performed. 

Thus, in this case, the read cycle t R and write cycle t w are automati- 
cally defined in the chip for each clock cycle in response to the external 
clock CLK and the write enable signal WE. 

Problems the Invention Seeks to Resolve 

In the above-described prior art STRAM, in order for two data D IN (a) and 
D 1N (b) to be simultaneously written to the memory array in response to the 
level change in the external clock CLK, it is necessary to provide data input 
terminals T6a and T6b corresponding [in number] to the number of data. 

However, in typical semiconductor devices having to configurations, it 
is well known that the space occupied on the chip by terminals is very much 
larger than the space occupied on the chip by other integrated circuits. This 
means that the scale of the circuits in the device becomes large, which is 
not desirable. Moreover, it is desirable to the greatest extent possible to 
enable the writing of multiple data (two data in the example shown in Fig. 5), 
and to reduce the number of data input terminals . 

The present invention has been devised in a view of these defects in 
the prior art technology and it is an objective of the invention to provide a 
semiconductor memory device in which the number of data input terminals is 
halved and enables reductions in the scale of circuits in a device. 

Means of Solving the Problems and Operation of the Invention 

The above-described problems with the prior technology are resolved in 
a constitution wherein multiple write data can be time-division inputted, 
temporarily latched internally, and subsequently the multiple data are simul- 
taneously written to the memory cell array in response to a write signal. 

Therefore, the semiconductor memory device of this invention comprises 
an output circuit 1 that responds to at least an external clock and a Write 
enable signal, defines a cycle to execute predetermined functions for each 
cycle of this clock, and outputs a write control when the Write enable signal 
has the predetermined logic level at the point when the defined cycle begins; 
a means 2 for reversing the external clock to an inverted clock; a circuit 3 
that responds to the inverted clock when a write control signal is outputted 
and generates a write pulse WP; memory cell arrays 4 configured to perform 
data write access when the write signal is outputted; an input terminal 5 to 
write data between these memory cell arrays; and a means 6 for responding to 
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and latching the write data D IN from the input terminal to either the external 
clock or the inverted clock, responding to the write signal, and supplying 
this latched data to the memory cell array as shown in the block diagram of 
the proposed method in Fig. 1. 

Moreover, it is configured so that a plurality of data A, B is input in 
time-division format from the input terminal as write data, and simultane- 
ously this plurality of input data is written 

Therefore, where in the past two data input terminals had been required 
for multiple data A, B, in the present invention a single input terminal suf- 
fices. Thus, the number of data input terminals can be reduced by half, con- 
tributing to a reduction in the circuit size of devices. 

The following detailed description of the characteristics and operation 
of other configurations of preferred embodiments of the invention is made be- 
low with reference to the attached drawings. 

Preferred Embodiments 

Fig. 2 is a configuration block diagram showing an STRAM device, which 
is one embodiment of the present invention. 

In Fig. 2, Tl-4, T5a, T5b, and T6 denote chip terminals; 20 denotes a 
typical static-type memory cell array. In this instance, a static type memory 
cell array having a memory cell disposed at each intersection between a plu- 
rality of word lines and a plurality of pairs of bit lines. The terminals 
T1~T4 receive the address signal ADD, a low active chip select signal CS, a 
low active write enable signal WE and a clock CLK, respectively. Also, the 
terminals T5a and T5b are data output terminals employed for reading both 
DouT(a) and D 0UT (b) from the memory cell array 20, and T6 is a common input ter- 
minal for writing data between the memory cell arrays 20. The write data D IN 
in the present embodiment consists of two data a and b. 

A register 21, disposed between the terminal Tl and the memory cell ar- 
ray 20, has the function of latching the address signal ADD in response to 
the clock CLK. Specifically, it holds and outputs the address data when the 
clock CLK is at "H" level and supplies it to the memory cell array 20. The 
register 22 is connected to the terminal T2 and this register 22 has the 
function of holding and outputting the chip select signal CS when the clock 
in CLK is at "H" level. Similarly, the register 23 is connected to the termi- 
nal T3, and this register 23 has the function of holding and outputting the 
write enable signal WE when the clock CLK is at "H" level. 
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Moreover, the memory cell array 20 and the input terminal T6 is divided 
into two paths wherein the register 24a and the tristate buffer 28a are in- 
terposed in one path while the register 24b and the tristate buffer 24b are 
interposed in the other path. The register 24a latches write data D IN (in this 
case, Data a) , when the external clock CLK is that "H" level, supplying it to 
the buffer 28a. This buffer 2 8a has the function of supplying the write data 
a that has been sent through the register 24a to the memory cell array 20 
when the write pulse WP generated by the write pulse generating circuit 27 
that will be described below is at "H" level. Conversely, the register 24b 
latches and supplies to the buffer 28b the write data D IN (in this case, Data 
b) , when the inverse clock CLK is at "H" level. In this buffer 28b has the 
function of supplying the write data b that has been sent through the regis- 
ter 24b to the memory cell array 20 when the write pulse WP generated by the 
write pulse generating circuit 27 is at "H" level, similar to the buffer 28a. 
The inverse clock CLK is acquired from the external clock by way of an in- 
verter 10. 

Further, tristate buffers 29a and 29b are disposed between the memory 
cell array 20 and the output terminals 15a and 15b, respectively, and these 
buffers have the function of supplying reading data 

Dout(^) Dqut(^) received 
from the memory cell array 20 when the reading control signals OB sent from 
the AND gate 25, to be described below, is at "H" level. 

25 is an AND gate that responds to the inverted signal output of the 
register 22 and the output signal of the register 23, outputting the above- 
described read control signal OB, and 26 is an AND gate that responds to the 
inverted signal output of the register 23, outputting a write control signal 
WS. The write pulse generating circuit 27 has the function of responding to 
the rising edge of the aforesaid inverted clock CLK, which is to say the fal- 
ling edge of the external clock CLK, when the write control signal WS is at 
"H" level, and generating the aforesaid write pulse WP. 

The following description of an example of the constitution of the 
write pulse generating circuit is made with reference to Fig. 3. 

The write pulse generating circuit indicated here is constituted by a 
delay circuit 30 for delaying the inverted clock CLK by a predetermined time 
only and outputting the delayed clock as a signal SI; a delay circuit 31 that 
uses a large amount of delay (see Fig. 4), from said delay circuit and delays 
the inverted clock CLK only by the predetermined time, outputting this as 
signal S2; an inverter 32 that inverts said signal as S2; an AND gate 33 that 
responds to the output of said inverter 32 and the output Si of the delay 
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circuit 30, outputting this as signal S3; and AND gate 34 that responds to 
said signal S3 and the aforesaid write control signal WS and outputs a write 
pulse WP. 

Next, the operation of the STRAM device shown in Fig. 2 will be ex- 
plained with reference to the timing chart in Fig. 4. 

First, an "L" level chip select signal CS is applied to the terminal T2 . 
In this state, when the write enable signal WE is applied to the terminal T3 
and the clock CLK is applied to the terminal T4, a write cycle t w is defined 
in synchronization with the rising edge of the clock CLK. 

If there is a clock CLK rise when the write enable signal the is at "L" 
level at the start of the write cycle t w (t s point) , the output signal the WS 
of the AND gate 26 goes to "H" level. Moreover, write data D IN taken into the 
register 24a from the terminal T6 in response to the rising edge of the clock 
CLK. In other words, the register 24a becomes "valid". 

Next, when the inverted clock CLK rises (the t2 point), data is taken 
into the register 24b from the terminal T6 as write data D IN . In other words, 
the register 24b becomes "valid". Also, the write pulse generating circuit 27 
generates a write pulse WP based on the "H" level write control signal WS in 
response to the "H" level inverted clock CLK. 

When a write pulse is generated, both the tristate buffers 28a and 28b 
function and datas a and b that are respectively latched to the registers 24a 
and 24b are supplied to the memory cell array 20 via their corresponding 
buffers. In other words, at this point the two datas a and b are simultane- 
ously written. 

In this way, an inverter 10 or other inversion means is used and a 
clock CLK that is level-inversion of an external clock CLK is readied in the 
device, these two types of clocks CLK and CLK are used, and two types of data 
a and b can be inputted in time division format from the same terminal T6. 
Therefore, where conventionally (see Fig. 5) it had been necessary to provide 
a plurality of input terminals corresponding to the number of write datas, 
the number of input terminals can be halved in the constitution of this de- 
vice. This is relatively significant in terms of the terminal area occupied 
on chips, and therefore represents a contribution to the reduction the over- 
all size of devices. 

As a described in the preferred embodiment, write data a is latched at 
the rising edge of the external clock CLK, and write data b is latched at the 
falling edge of the external clock CLK. However a configuration is possible 
in which latching is performed by reversing the edges. 

7 



SS0022003068 



Effect of the Invention 

As described above, the semiconductor memory device of the present in- 
vention permits the number of data input terminals to be halved and, as a re- 
sult, contributes to the miniaturization of circuit size in devices. 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing the principles of the present invention. 

Fig. 2 is a block diagram showing a preferred embodiment STRAM constitution 
of the present invention. 

Fig. 3 is a circuit diagram showing of preferred embodiment STRAM constitu- 
tion of the present invention. 

Fig. 4 is a timing chart of the device shown in Fig. 2. 

Fig. 5 is a block diagram showing a constitution of an example of a prior art 
STRAM device. 

Symbols 

1 Cycle defining circuit 

2 Clock inversion means 

3 Write signal generating circuit 

4 Memory cell array 

5 Input terminal 

6 Write data latch means 

CLK External clock CLK Inverted clock 

A, B, D XN Write data 

WE Write enable signal 

WS Write control signal 

WP Write pulse 

Assignee Fujitsu, Ltd. 

Patent Applicant Representatives 
Akira AOKI Patent Attorney 

Kazuaki NISHKATA Patent Attorney 
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Fig. 5 Block diagram showing a constitution 
of an example of a prior art STRAM device. 
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International Patent Classification, 6 th ed. 

G11C 11/413 
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Procedural Amendment 
September 8, 1996 

To the Director of the Patent Office: Mr. S. TAKASHIMA 

1. Indication of Case 
1988 patent case 058314 

2. Title of Invention 
Semiconductor memory device 

3. Person Making Amendment 

Relationship to the case Applicant 
Name (522) Fujitsu Ltd. 

4. Representative 

Address: Seina [or "Aowa"] patent Office Seiko Toranomon Building 
8-10 Toranomon 1-chome, Minato-ku, Tokyo Tel 3504-0721 

5. Increase in number of claims due to amendment: 1 

6. Subject of amendment 

(1) Specification "Claims" section 

7. Content of Amendment 
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(1) Scope of Claim 



2 . What is Claimed is: 

1. A semiconductor memory device receiving an external clock having a rising 
edge and a falling edge comprising: 

a memory cell array (40, 40a, 40b); 

a first latch circuit (43) operatively connected to the memory cell array, 
for receiving a control signal designating one of a read cycle and a write 
cycle for the memory cell array, the first latch circuit latching the control 
signal in response to one of the rising edge and the falling edge of the ex- 
ternal clock; 

a second latch circuit (44) operatively connected to the memory cell array, 
for receiving a write data, the second latch circuit latching the write data 
in response to another of the rising edge and the falling edge of the exter- 
nal clock; and 

write signal generating circuits (47, 48, 49) operatively connected to the 
memory cell array and the first latch circuit, for feeding a write signal 
(WP) to the memory cell array when the control signal latched in the first 
latch circuit designates the write cycle. 

2. A semiconductor memory device as set forth in Claim 1, further provided 
with a means wherein the write signal generating circuit receives a write 
control signal designating a cancellation of a write operation at another of 
the rising edge and the falling edge of the external clock and stops feeding 
the write signal to the memory cell array. 
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